What is claimed is: 




1 . A semiconductor structure, comprisirfg 

a conductive container structure having a closed bottom and sidewalls extending 
upward from the closed bottom; and 



dielectric cap on a top of the sidewalls. 



2. The semiconductor structure of claim 1, wherein the conductive container 
structure has a cylindrical shape. 

3. The semiconductor structure of claim 1, wherein the closed bottom and 
sidewalls comprise at least one silicon material selected from the group 
consisting of amorphous silicon, polysilicon and hemispherical grain 
polysilicon. 

4. The semiconductor structure of claim 3, wherein the at least one silicon material 
is conductively doped. 

5. The semiconductor structure of claim 1, wherein the dielectric cap comprises at 
least one dielectric material selected from the group consisting of oxides, 
nitrides and silicon oxynitrides. 



A semiconductor structure, comprising: 

a conductive container structure havmg a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the closed bottom and sidewalls 
comprise at least one silicon material selected from the group consisting 
of amorphous silicon, polysilicon and hemispherical grain polysilicon; 
and 
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a dielectric cap on^Jo^gfohe u siciewalls, wherein the dielectric cap comprises at 
least one^dielectric material selected from the group consisting of oxides, 
^ffitrides and silicon oxynitrides. ^ , . - ... — . ■ . 



7. The semiconductor structure of claim 6, wherein the dielectric cap is annealed. 




Q 



A semiconductor structure, comprising: 

a conductive container structure having sidewalls, wherein the conductive 

container structure comprises conductively-doped hemispherical grain 
polysilicon; and 

a dielectric cap on a top^&f the sidewalls, wherein the dielectric cap comprises 
silicon oxymtride. 



9. The semiconductor structure of claim 8, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 

10. A method of forming a semiconductor structure, comprising: 
forming minsulating layer on a substrate; 

forming an opting in the insulating layer, wherein the opening has a bottom on 
an exposed portion of the substrate and sidewalls defined by the 
insulating layer, 

forming a conductive layer q^ffif Insulating layer and the exposed portion of the 
substrate; 

forming a fill layer on the conductiv^yer, wherein the fill layer fills the 
opening; 

removing the conductive layer and the fill la^&r to a level below a top of the 

insulating layer, thereby forming a container structure having sidewalls 
comprised of the conductive layer on the sideWalls of the opening, and a 
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closed bottom comprised of the conductive layer on the bottom of the 
opening; 

forrhing a dielectric cap on a top of the sidewalls of the conductive layer; 
removing the fill layer to expose an inside of the container structure; and 
removing at least a portion of the insulating layer to expose an outside of the 
container structure. 

1 1 . The method ortlaim 1 0, wherein the processing proceeds in the order presented. 

12. The method of claim 1 0, wherein removing at least a portion of the insulating 
layer to expose an ouftide of the container structure occurs subsequent to 
forming a dielectric cap\n a top of the sidewalls of the conductive layer. 

13. The method of claim 10, wh^^arfbiming a dielectric cap on a top of the 
sidewalls of the conductiv^la^er partner comprises: 

forming a dielect/ic laye^nlS^Jn^rfating layer, the conductive layer 

and the filMayen a\d 
removing the dielectric layerNfrom the insulating layer and the fill layer. 

14. The method of claim 13, wherein removing the dielectric layer from the 
insulating layer and the fill layer further comprises removing the dielectric layer 
from the insulating layer and the fill layer usW an anisotropic etch. 

1 5. The method of claim 1 0, wherein forming an insulating layer on a substrate 
further comprises forming a layer of borophosphosiiicate glass on the substrate. 



16. The method of claim 10, wherein forming a conductive layer on the insulating 
layer and the exposed portion of the substrate further comprises forming a layer 
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of conductively-doped hemispherical grain polysilicon on the insulating layer 
Vd the exposed portion of the substrate. 

17. The method of claim 10, wherein forming a fill layer on the conductive layer 
further comprises forming a layer of photoresist on the conductive layer. 

18. The method Vf claim 10, wherein forming a dielectric cap on a top of the 
sidewalls of tha conductive layer further comprises forming a cap of silicon 
oxynitride on a top of the sidewalls of the conductive layer. 



19. The method of claim\0, further comprising: 
annealing the dielectric\ap. 

20. A method of forming a semiconductor structure, comprising: 
forming an insulating layer onWubstrate, wherein the insulating layer 

comprises at least one^^mjiijg'material selected from the group 
consisting of okidg^fnitrides and borophosphosilicate glass; 
forming an opening in the insulating layer, wherein the opening has a bottom on 
an exposed portion of the substrate and sidewalls defined by the 
insulating layer; 

forming a conductive layer on the insulating^layer and the exposed portion of the 
substrate, wherein the conductive layercomprises at least one silicon 
material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon; 
forming a fill layer on the conductive layer, wherein the fill layer fills the 

opening, further wherein the fill layer comprisesSa filler material selected 
from the group consisting of photoresists and highNetch-rate oxides; 
removing the conductive layer and the fill layer to a level betow a top of the 

insulating layer, thereby forming a container structure laaving sidewalls 
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comprised of the conductive layer on the sidewalls of the opening, and a 
closed bottom comprised of the conductive layer on the bottom of the 
opening; 

formir^ a dielectric cap on a top of the sidewalls of the conductive layer, 
lerein the dielectric cap comprises at least one dielectric material 
seldpted from the group consisting of oxides, nitrides and silicon 
oxynltrides; 

removing the ml layer to expose an inside of the container structure; and 
removing at leas\a portion of the insulating layer to expose an outside of the 
container structure. 



21 . The method of claim 20. wherein forming a dielectric cap on a top of the 
sidewalls of the conductive layer further comprises: 

forming a layer of tne atj^ast one dielectric material on the insulating 
layer, the cpwtyciife layer and the fill layer; and 

removing the law of tmUt least one dielectric material from the 
insulatingjjjyer an^feejQiH^yer. 

22. The method of claim 20, further composing: 
annealing the dielectric cap. 



23. A method of forming a semiconductor structure, composing: 
forming an insulating layer on a substrate; 
forming an opening in the insulating layer, wherein the opening has a bottom on 

an exposed portion of the substrate and sidewalls defined by the 

insulating layer; 

forming a conductive layer on the insulating layer and tf^ exposed portion of the 
substrate; 
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forming a fill layer on the conductive layer, wherein the fill layer fills the 
opening; 

removing the fill layer to a level substantially even with a top of the insulating 
layer; 

removing the conductive layer to a level below the level below the top of the 
insulating layer, thereby forming a container structure having sidewalls 
comprised of the conductive layer on the sidewalls of the opening, and a 
closed \ottom comprised of the conductive layer on the bottom of the 
opening; 

forming a dielectri\ cap on a top of the sidewalls of the conductive layer; 
removing the fill layer to expose an inside of the container structure; and 

O removing at least a portion of the insulating layer to expose an outside of the 

*0 \ 
^ container structure 

d£ 24. The method of claim 23, wh^inthe^rocessing proceeds in the order presented. 

;L 25. The method of claim 23 iwherein/^ONuaag^fleast a portion of the insulating 

frj layer to expose an outside^offfie container structure occurs subsequent to 

forming a dielectric cap on a top of the\idewalls of the conductive layer. 

26. The method of claim 23, wherein forming a t^ielectric cap on a top of the 
sidewalls of the conductive layer further comprises: 

forming a dielectric layer on the insulating layer, the conductive layer 

and the fill layer; and \ 
removing the dielectric layer from the insulating layer and the fill layer. 

27. The method of claim 26, wherein removing the dielectric layer from the 
insulating layer and the fill layer further comprises removingthe dielectric layer 
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Vom the insulating layer and the fill layer using chemical mechanical polishing 
onblanket etch-back. 

28. The method of claim 23, wherein forming an insulating layer on a substrate 
further comprises forming a layer of borophosphosilicate glass on the substrate. 

29. The method o^claim 23, wherein forming a conductive layer on the insulating 
layer and the expbsed portion of the substrate further comprises forming a layer 
of conductively-doped hemispherical grain polysilicon on the insulating layer 
and the exposed portion of the substrate. 

30. The method of claim 23, wherein forming a fill layer on the conductive layer 
further comprises forming a layeijof photoresist on the conductive layer. 

3 1 . The method of claim 23 /wherein fuming a dielectric cap on a top of the 
sidewalls of the conductk^Jaydr furtM^ofli^rges forming a cap of silicon 
oxynitride on a top of the sidewalls of the\conductive layer. 

32. The method of claim 23, further comprising: \ 
annealing the dielectric cap. \ 

33. A method of forming a semiconductor structure, comprising: 
forming an insulating layer on a substrate, wherein the insulating layer 

comprises at least one insulating material selected Jrom the group 
consisting of oxides, nitrides and borophosphosilicateyglass; 
forming an opening in the insulating layer, wherein the openingJias a bottom on 
an exposed portion of the substrate and sidewalls defined W the 
insulating layer; \ 
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forming a conductive layer on the insulating layer and the exposed portion of the 
substrate, wherein the conductive layer comprises at least one silicon 
material selected from the group consisting of amorphous silicon, 
aolysilicon and hemispherical grain polysilicon; 
forming sNfill layer on the conductive layer, wherein the fill layer fills the 

opening, further wherein the fill layer comprises a filler material selected 
from tne group consisting of photoresists and high etch-rate oxides; 
removing the filfyayer to a level substantially even with a top of the insulating 
layer; 

removing the conductive layer to a level below the level below the top of the 
insulating layer\hereby forming a container structure having sidewalls 
comprised of the conductive layer on the sidewalls of the opening, and a 
closed bottom comprised of the conductive layer on the bottom of the 
opening; 

forming a dielectric cap on^ top\)f the sidtewalls of the conductive layer, 
wherein the dielectric cap comprises at least one dielectric material 
selected from thejgroup consj)^ir|g of oxides, nitrides and silicon 
oxynitrides; 

removing the fill layer to expose an insid&of the container structure; and 
removing at least a portion of the insulatingS^ayer to expose an outside of the 
container structure. 



34. The method of claim 33, wherein forming a dielectric cap on a top of the 
sidewalls of the conductive layer further comprises: 

forming a layer of the at least one dielectric material on the insulating 

layer, the conductive layer and the fill layer; and 
removing the layer of the at least one dielectric material from the 
insulating layer and the fill layer. 
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35. f he method of claim 33, further comprising: 
pealing the dielectric cap. 

36. A container capacitor, comprising: 

a bottom mate having a closed bottom and sidewalls extending upward from the 

closed bottom; 
a dielectric ca\on a top of the sidewalls; 
a dielectric layeron the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is interposed 

between the coll plate and the bottom plate. 

37. The container capacitor of^laim 36, wherein the bottom plate has a cylindrical 
shape. 



38. The container capacitor of claim^^ plate comprises at least 

one silicon material se^cted^rom the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 



39. The container capacitor of claim 38, wherein the at least one silicon material is 
conductively doped. 



40. The container capacitor of claim 36, wherein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 



41. A container capacitor, comprising: 

a bottom plate having a closed bottom and sidewalls extending upward from the 
closed bottom, wherein the bottom plate comprises at le&st one silicon 
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material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon; 
a di\lectric cap on a top of the sidewalls, wherein the dielectric cap comprises at 
L least one dielectric material selected from the group consisting of oxides, 
Nitrides and silicon oxynitrides; 
a dielectri\layer on the bottom plate and the dielectric cap; and 
a cell plate oh the dielectric layer, wherein the dielectric layer is interposed 
betweenvthe cell plate and the bottom plate. 

42. The container capacitor of claim 41, wherein the dielectric cap is annealed. 

S 43. A container capacitor, comprising: 

a bottom plate having a closed bottom and sidewalls extending upward from the 
closed bottom, wherejjrahe-feQttom plate comprises conductively-doped 
hemispherical grap polysi^cc 
a dielectric cap on a top of the side^fls, wherein the dielectric cap comprises 

silicon oxynitride 
a dielectric layer on the bottom plate ancMie dielectric cap; and 
^ a cell plate on the dielectric layer, wherein tjie dielectric layer is interposed 

between the cell plate and the bottom plate. 



SI 



\ 



44. The container capacitor of claim 43, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately l\p to 20 seconds. 

45. A container capacitor, comprising: 
a bottom plate having a closed bottom and sidewalls extending upward from the 

closed bottom, wherein the bottom plate if formed by^a method 
comprising: 

forming an insulating layer on a substrate; 
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forming an opening in the insulating layer, wherein the opening 
has a bottom on an exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
forming a conductive layer on the insulating layer and the 

exposed portion of the substrate; 
forming a fill layer on the conductive layer, wherein the fill layer 

fills the opening; and 
removing the conductive layer and the fill layer to a level below a 
top of the insulating layer; 
a dielectric cap on a t&p of the sidewalls, wherein the dielectric cap is formed by 
a method comprising: 

forming a dielectric layer on the insulating layer, the conductive 

layer and the fill layer; and 
removing the dielectric layer from the insulating layer and the fill 
layer; 

a dielectric layer on the bottom plate andj the dielectric cap; and 
a cell plate on the dielectrii layer, wWeJn the dielectp^fayer is interposed 
between the cell pl^aj^ckne bottonj plate. 

46. The container capacitor of claim 45, wherein thetbottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

47. The container capacitor of claim 45, wherein the dielectnc cap comprises at least 
one dielectric material selected from the group consisting a( oxides, nitrides and 
silicon oxynitrides. 



48. The container capacitor of claim 45, wherein the dielectric cap is\annealed. 
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A container capacitor, comprising: 

a bottom plate having a closed bottom and sidewalls extending upward from the 
closed bottom, wherein the bottom plate if formed by a method 
comprising: 

forming an insulating layer on a substrate; 
forming an opening in the insulating layer, wherein the opening 
has a bottom on an exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
(orming a conductive layer on the insulating layer and the 

exposed portion of the substrate; 
forcing a fill layer on the conductive layer, wherein the fill layer 

fills the opening; 
removing the fill layer to a level substantially even with a top of 

th\insulating layer; and 
removing tn^c^iraiiefive layer to a level below the level below 
tho^op\?f the iraulating layer; 
a dielectric cap on a toj/of the s^ew^Jls, wherein the dielectric cap is formed by 
a method compr 

forming Vdiete^tric layer on the insulating layer, the conductive 

layer and the filMayer; and 
removing the dielectric laypr from the insulating layer and the fill 
layer; 

a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is interposed 
between the cell plate and the bottom plate\ 



50. The container capacitor of claim 49, wherein the bottom, plate comprises at least 
one silicon material selected from the group consisting otynorphous silicon, 
polysilicon and hemispherical grain polysilicon. 



Attorney D cket 303,541US1 



26 



Micron 98-0607 



5 1 . The container capacitor of claim 49, wherein the dielectric cap comprises at least 
one cfrqlectric material selected from the group consisting of oxides, nitrides and 
silicon ox^sntrides 

52. The container capacltsrof claim 49, wherein the dielectric cap is annealed. 

/ 0 ^ A semiconductor die, comprising: 

an integrated circuit supported by a substrate and having a plurality of integrated 
circuit devices, wherein at least one of the plurality of integrated circuit 
devices is a container capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 

upward from the closed bottom; 
a dielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate. 

If A. The semiconductor die of claim $4, wherein the bottom plate has a cylindrical 
shape. 

f ^ ^5. The semiconductor die of claim 5^, wherein the bottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

/ ^> $6. The semiconductor die of claim^S, wherein the at least one silicon material is 
conductively doped. 
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The semiconductor die of claim S3, wherein the dielectnc cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 



/ $ A semiconductor die, comprising: 

an integrated circuit supported by a substrate and having a plurality of integrated 
circuit devices, wherein at least one of the plurality of integrated circuit 
devices is a container capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
comprises at least one silicon material selected from the 
group consisting of amorphous silicon, polysilicon and 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap comprises at least one dielectric material selected 
from the group consisting of oxides, nitrides and silicon 

- oxynitrides; 

O 

fpj a dielectric layer on the bottom plate and the dielectric cap; and 

y a cell plate on the dielectric layer, wherein the dielectric layer is 

f s 

O interposed between the cell plate and the bottom plate. 



A semiconductor die, comprising: 

an integrated circuit supported by a substrate and having a plurality of integrated 
circuit devices, wherein at least one of the plurality of integrated circuit 
devices is a container capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
comprises conductively-doped hemispherical grain 
polysilicon; 
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a dielectric cap on a top of the sidewalls, wherein the dielectric 

cap comprises silicon oxynitride; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 

interposed between the cell plate and the bottom plate. 

/ o ^ 

The semiconductor die of claim 0, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 



03 



n 
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61. A semiconductor die, comprisin \\ 

an integrated circuit supported fcy a substrate and having a plurality of integrated 
circuit devices, wherein it least one of the plurality of integrated circuit 
devices is a container ca mcitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward fiom the closed bottom, wherein the bottom plate 
if formed by a method comprising: 

fo ming an insulating layer on the substrate; 
fo ming an opening in the insulating layer, 

wherein the opening has a bottom on an 
exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
forfning a conductive layer on the insulating layer 

and the exposed portion of the substrate; 
forming a fill layer on the conductive layer, 

wherein the fill layer fills the opening; and 
rem oving the conductive layer and the fill layer to 
a level below a top of the insulating layer; 
a dielectric cap on i top of the sidewalls, wherein the dielectric 
cap is formed by a method comprising: 
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forming a dielectric lay/r on the insulating layer, 
the conductive/layer and the fill layer; and 
removing the dielectric layer from the insulating 
layer and thfe fill layer; 
a dielectric layer on the bottom date and the dielectric cap; and 
a cell plate on the dielectric lay/r, wherein the dielectric layer is 
interposed between the/ cell plate and the bottom plate. 

The semiconductor die of claim 61, where/n the bottom plate comprises at least 
one silicon material selected from the gr/up consisting of amorphous silicon, 
polysilicon and hemispherical grain poWsilicon. 



The semiconductor die of claim 61,1 
one dielectric material selected fro: 
silicon oxynitrides. 



lerein the dielectric cap comprises at least 
)group consisting of oxides, nitrides and 



64. 



The 



semiconductor die of claim 61/ wherein the dielectric cap is annealed. 



65 . A semiconductor die, comprising? 

an integrated circuit supported bj a substrate and having a plurality of integrated 
circuit devices, wherein /t least one of the plurality of integrated circuit 
devices is a container capacitor, the container capacitor comprising: 

a bottom plate Having a closed bottom and sidewalls extending 
upwarajfrom the closed bottom, wherein the bottom plate 
if form&d by a method comprising: 

Iforming an insulating layer on the substrate; 
|forming an opening in the insulating layer, 

wherein the opening has a bottom on an 
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exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
forming a conductive layer on the insulating layer 

and the exposed portion of the substrate; 
forming a fill layer on the conductive layer, 

wherein ttte fill layer fills the opening; 
removing the fill layer to a level substantially even 

with a top of the insulating layer; and 
removing the conductive layer to a level below the 
level bfelow the top of the insulating layer; 
a dielectric cap on a top of tne sidewalls, wherein the dielectric 
cap is formed by a/nethod comprising: 

formin^yMelectric layer on the insulating layer, 
jtftg^onductive layer and the fill layer; and 
removmg the dielectric layer from the insulating 
flayer and the fill layer; 
a dielectric layer on iftie bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed petween the cell plate and the bottom plate. 

66. The semiconductor die of clainy65, wherein the bottom plate comprises at least 
one silicon material selected fr6m the group consisting of amorphous silicon, 
polysilicon and hemisphericaUgrain polysilicon. 

67. The semiconductor die of claim 65, wherein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 

68. The semiconductor die onclaim 65, wherein the dielectric cap is annealed. 
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A memory device, comprising: 

an array of memory cells, wherein at least one memory cell has a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 

upward from the closed bottom; 
a dielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and the column 
access circuit. 

The memory device of clairn^, wherein the bottom plate has a cylindrical 
shape. ~ 

// 

^ 0 jrf. The memory device of clairn^, wherein the bottom plate comprises at least one 
silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

/ J * 

& * JI2. The memory device of claim^, wherein the at least one silicon material is 
conductively doped. 

/} A lA. The memory device of claim #9, wherein the dielectric cap comprises at least 

one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 
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A memory device, comprising: 

an array of memory cells, wherein at least one memory cell has a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
comprises at least one silicon material selected from the 
group consisting of amorphous silicon, polysilicon and 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap comprises at least one dielectric material selected 
from the group consisting of oxides, nitrides and silicon 
oxynitrides; 

2 a dielectric layer on the bottom plate and the dielectric cap; and 

*P a cell plate on the dielectric layer, wherein the dielectric layer is 

in 

jg interposed between the cell plate and the bottom plate; 

^ a row access circuit coupled to the array of memory cells; 

b a column access circuit coupled to the array of memory cells; and 

O 

fr§ an address decoder circuit coupled to the row access circuit and the column 



a 



access circuit. 

fe m ^ memory device, comprising: 

an array of memory cells, wherein at least one memory cell has a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
comprises conductively-doped hemispherical grain 
polysilicon; 

a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap comprises silicon oxynitride; 
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a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and the column 
access circuit. 



jk. The memory device of claim 7^> wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 



a bottom plate 
upward 
if form« 



77. A memory device, comprisinj 

an array of memory cells, wh srein at least one memory cell has a container 
capacitor, the container capacitor comprising: 

laving a closed bottom and sidewalls extending 
from the closed bottom, wherein the bottom plate 
jfl by a method comprising: 

ting an insulating layer on a substrate; 
ling an opening in the insulating layer, 
jl Jp^N wherein the opening has a bottom on an 

/exposed portion of the substrate and 
^ sidewalls defined by the insulating layer; 
foi ming a conductive layer on the insulating layer 

and the exposed portion of the substrate; 
foi ming a fill layer on the conductive layer, 

wherein the fill layer fills the opening; and 
removing the conductive layer and the fill layer to 
A a level below a top of the insulating layer; 
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a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap is formed by a method comprising: 

forming a dielectric layer on the insulating layer, 
the conductive /ayer and the fill layer; and 
removing the dielectric layer from the insulating 
layer and the fill layer; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the dell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the arraVW memory cells; and 
an address decoder circuit coupled to the rgg/ access circuit and the column 
access circuit. y 

78. The memory device of claim 77, wherein the bottom plate comprises at least one 
silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain pplysilicon. 

79. The memory device of claim 77, wMerein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. / 

80. The memory device of claim 111, wherein the dielectric cap is annealed. 

81 . A memory device, comprising: 

an array of memory cells, wherein at least one memory cell has a container 
capacitor, the con/ainer capacitor comprising: 
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a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
if formed by a method comprising: 

forming an insulating layer fin a substrate; 
forming an opening in the insulating layer, 

wherein the opening has a bottom on an 
exposed portion/of the substrate and 
sidewalls defined by the insulating layer; 
forming a conductiverlayer on the insulating layer 

and the exposed portion of the substrate; 
forming a fill layey on the conductive layer, 

wherein tMe fill layer fills the opening; 
removing th^lf layer to a level substantially even 

witB aAOp of the insulating layer; and 
removing |treyopnductive layer to a level below the 
leve^oelow the top of the insulating layer; 
a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap is formed by/a method comprising: 

forming a dielectric layer on the insulating layer, 
'the conductive layer and the fill layer; and 
remo/dng the dielectric layer from the insulating 
layer and the fill layer; 
a dielectric layer j&n the bottom plate and the dielectric cap; and 
a cell plate on ttfe dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate; 
a row access circuit couplea to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circijlt coupled to the row access circuit and the column 
access circuit. 
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82. The 'memory device of claim 81 , wherein the bottom plate comprises at least one 
silicon material selected from the group consisting/of amorphous silicon, 
polysilicon and hemispherical grain polysilicon., 

83. The memory device of claim 81, wherein the dielectric cap comprises at least 
one dielectric material selected from the gryup)bonsisting of oxides, nitrides and 
silicon oxynitrides. 

84. The memory device of claim 81, wheyein the dielectric cap is annealed. 



A memory module, comprising: 
a support; 

a plurality of leads extending from the support; 

a command link coupled to at least one of the plurality of leads; 

a plurality of data links, wherein each data link is coupled to at least one of the 

plurality of leads; and 
at least one memory device contained on the support and coupled to the 

command link, wherein the at least one memory device comprises: 

an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom; 
a dielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
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a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the column access circuit. 

^ The memory module of claim wherein the bottom plate has a cylindrical 

shape. 

O^^* J$7T The memory module of claim ^5, wherein the bottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

9f / %ft- The memory module of claim ^7, wherein the at least one silicon material is 
conductively doped. 



it 



3/ ^ 



The memory module of claim §6, wherein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 

A memory module, comprising: 
a support; 

a plurality of leads extending from the support; 

a command link coupled to at least one of the plurality of leads; 

a plurality of data links, wherein each data link is coupled to at least one of the 

plurality of leads; and 
at least one memory device contained on the support and coupled to the 

command link, wherein the at least one memory device comprises: 
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an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises at least one silicon material 
selected from the group consisting of 
amorphous silicon, polysilicon and 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises at least one 
dielectric material selected from the group 
consisting of oxides, nitrides and silicon 
oxynitrides; 
a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the column access circuit. 



3^ 



A memory module, comprising: 
a support; 

a plurality of leads extending from the support; 

a command link coupled to at least one of the plurality of leads; 
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a plurality of data links, wherein each data link is coupled to at least one of the 

plurality of leads; and 
at least one memory device contained on the support and coupled to the 

command link, wherein the at least one memory device comprises: 

an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises conductively-doped 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises silicon 
oxynitride; 

a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the column access circuit. 

o\ 2 92. The memory module of claim $4, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 



3 



A memory system, comprising: 
a controller; 
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a command link coupled to the controller; 
a data link coupled to the controller; and 

a memory device coupled to the command link and the data link, wherein the 
memory device comprises: 

an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom; 
a dielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the column access circuit. 

j The memory system of claim 9^, wherein the bottom plate has a cylindrical 

shape. 



if, f 




The memory system of claim^, wherein the bottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

^ J ^6. The memory system of claimj^, herein the at least one silicon material is 
conductively doped. 
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3^ fo* memor y system of claim ^ wherein the dielectric cap comprises at least 



i 



CO 



one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 

9JS. A memory system, comprising: 
a controller; 

a command link coupled to the controller; 
a data link coupled to the controller; and 

a memory device coupled to the command link and the data link, wherein the 
memory device comprises: 

an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises at least one silicon material 
selected from the group consisting of 
amorphous silicon, polysilicon and 
hemispherical grain polysilicon; 

a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises at least one 
dielectric material selected from the group 
consisting of oxides, nitrides and silicon 
oxynitrides; 

a dielectric layer on the bottom plate and the 
dielectric cap; and 

a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
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a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the column access circuit. 

^/ Q A A memory system, comprising: 
a controller; 

a command link coupled to the controller; 
a data link coupled to the controller; and 

a memory device coupled to the command link and the data link, wherein the 
memory device comprises: 
□ an array of memory cells, wherein at least one memory cell has a 

t£ container capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 

*h comprises conductively-doped 

Q 

ff$ hemispherical grain polysilicon; 

jfJ a dielectric cap on a top of the sidewalls, wherein 

p the dielectric cap comprises silicon 

^ oxynitride; 

a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 



: fa 

y g 



Att rneyD cket 303.541 US 1 



Micron 98-0607 



402. 



an address decoder circuit coupled to the row access circuit and 
the column access circuit. 

j ^° 

^60. The memory system of claim 99, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 

^Kfl . An electronic system, comprising: 
a processor; and 

a circuit module having a plurality of leads coupled to the processor, and further 
having a semiconductor die coupled to the plurality of leads, wherein the 
semiconductor die comprises: 

an integrated circuit supported by a substrate and having a 

plurality of integrated circuit devices, wherein at least one 
of the plurality of integrated circuit devices is a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom; 
a dielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate. 

The electronic system of claim^Ol, wherein the bottom plate has a cylindrical 
shape. 



Att rney Docket 303.541US1 



44 



Micron 98-0607 



ft. 

^ ^~ l/3. The electronic system of claim \6l, wherein the bottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

If S~^9®- T **e electronic system of claim l/)3, wherein the at least one silicon material is 
conductively doped. 

( V) The electronic system of claim L01, wherein the dielectric cap comprises at least 

one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 

An electronic system, comprising: 
a processor; and 

a circuit module having a plurality of leads coupled to the processor, and further 
having a semiconductor die coupled to the plurality of leads, wherein the 
semiconductor die comprises: 

an integrated circuit supported by a substrate and having a 

plurality of integrated circuit devices, wherein at least one 
of the plurality of integrated circuit devices is a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises at least one silicon material 
selected from the group consisting of 
amorphous silicon, polysilicon and 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises at least one 
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dielectric material selected from the group 
consisting of oxides, nitrides and silicon 
oxynitrides; 
a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate. 

»7. An electronic system, comprising: 
a processor; and 

a circuit module having a plurality of leads coupled to the processor, and further 
having a semiconductor die coupled to the plurality of leads, wherein the 
semiconductor die comprises: 

an integrated circuit supported by a substrate and having a 

plurality of integrated circuit devices, wherein at least one 
of the plurality of integrated circuit devices is a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises conductively-doped 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises silicon 
oxynitride; 

a dielectric layer on the bottom plate and the 
dielectric cap; and 
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a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate. 

The electronic system of claim , wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 

1 09. i^method of forming a semiconductor structure, comprising: 
forming a conductive container structure having a closed bottom and sidewalls 

(tending upward from the closed bottom; and 
forming a dielectric cap on a top of the sidewalls. 

1 10. The method of cla^m 109, wherein the processing proceeds in the order 
presented. 

111. The method of claim 1 09, ^herein forming a dielectric cap on a top of the 
sidewalls further comprises f^ilng^dielectric cap of silicon oxynitride on a 
top of the sidewalls. 

112. The method of claim 1 09, further composing : 
annealing the dielectric cap. 

1 13. A method of forming a semiconductor structure^mprising: 
forming a conductive container structure having a closed bottom and sidewalls 

extending upward from the closed bottom, whei*ein the conductive 
container structure comprises at least one silicon material selected from 
the group consisting of amorphous silicon, polysilicom^nd hemispherical 
grain polysilicon; and 
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ling a dielectric cap on a top of the sidewalls, wherein the dielectric cap 
comprises at least one dielectric material selected from the group 
consisting of oxides, nitrides and silicon oxynitrides. 

114. The method of claim 113, wherein the processing proceeds in the order 
presentedX 

115. A method of forming a semiconductor structure, comprising: 
forming a conductive container structure having a closed bottom and sidewalls 

extendin^apward from the closed bottom, wherein the conductive 
container structure comprises at least one silicon material selected from 
the group consisting of amorphous silicon, polysilicon and hemispherical 
grain polysilicon; 

forming a dielectric cap cm ajop^jf the sidewalls, wherein the dielectric cap 
comprises at least obe dielejtric material selected from the group 
consisting of oxides, f^trkje\ and silicon oxynitrides; and 

annealing the dielectric^ 

116. The method of claim 115, wherein t\e processing proceeds in the order 
presented. 



117. A method of forming a container capacitor, Comprising: 

forming a conductive container structure having a closed bottom and sidewalls 

extending upward from the closed bottom^ 
forming a dielectric cap on a top of the sidewalls; 
forming a dielectric layer on the conductive container s^ucture and the dielectric 

cap; and 

forming a cell plate on the dielectric layer, wherein the dielectric layer is 

interposed between the cell plate and the conductive container structure. 
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118. The method of claim 1 1 7, wherein the processing proceeds in the order 
presented. 

119. The method of claim 117, wherein forming a dielectric cap on a top of the 
sideways further comprises forming a dielectric cap of silicon oxynitride on a 
top of tlAsidewalls. 

1 20. The method of claim 117, further comprising: 
annealing the dielectric cap. 

121. A method of forming a container capacitor, comprising: 

forming a conductive container structure having a closed bottom and sidewalls 
extending upwarYfrom the closed bottom, wherein the conductive 
container structure composes at least one silicon material selected from 
the group consisting o^arpjprphous silicon, polysilicon and hemispherical 
grain polysilnxm; 

forming a dielectric cap on a top o'f\the sidewalls, wherein the dielectric cap 
comprises at least one di electee material selected from the group 

consisting of oxides, nitrides and silicon oxynitrides; 

\ 

forming a dielectric layer on the conductive container structure and the dielectric 

cap; and \ 

forming a cell plate on the dielectric layer, wherein the dielectric layer is 

\ 

interposed between the cell plate and the conductive container structure. 

122. The method of claim 121, wherein the processing proceeds in the order 
presented. 
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123. X method of forming a container capacitor, comprising: 
forcing a conductive container structure having a closed bottom and sidewalls 

^extending upward from the closed bottom, wherein the conductive 
container structure comprises at least one silicon material selected from 
the &oup consisting of amorphous silicon, polysilicon and hemispherical 
gram pc^ysilicon; 

forming a dielectric cap on a top of the sidewalls, wherein the dielectric cap 
comprises at fbast one dielectric material selected from the group 
consisting of oxiafegflnm^es and silicon oxynitrides; 

annealing the dielectric < 

forming a dielectric layer on tbecokductive cpntainer structure and the dielectric 
cap; and 

forming a cell plate on the dielectric laye^wherein the dielectric layer is 

interposed between the cell plate and l&e conductive container structure. 

124. The method of claim 123, wherein the processing prb^eeds in the order 
presented. 
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